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(54) STEEL FOR BEARING SUPERIOR IN SILENT PROPERTY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a steel for 
bearing superior In a silent property, which stably 
provides a satisfactory silence property and an acoustic . ^ 
feature. ^ 
SOLUTION: This steel for bearing improves the acoustic 
feature and silent property by controlling a composition 
of oxides in the steel. Specifically, the steel is improved 
in the acoustic feature and the silent property by 
controlling the contents of AI203 to 60 to 90 mass%, the 
contents of MgO to 10 to 30 mass%, the contents of 
Si02 to 10 mass% or less, and the contents of CaO to 
10mass%or less. 
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* NOTICES * . . * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] C:0.6 thru/or 1.2 mass %, Si:0.1, or 2.0 mass %, Mn:0.1, or 2.0 mass %, Cr:0.8 thru/or 14.0 
mass % and below aluminum:0.04 mass % are contained. The remainder consists of Fe and an 
unescapable impurity, and the content of Ti in said unescapable impurity is regulated below at 0.0015 
mass %. The content of O is regulated below at 0.0012 mass %, and the rate of the mass of 
aluminum203 system inclusion to the gross mass of inclusion 60 thru/or 90%, Steel for bearing 
excellent in the silence to which the rate of the mass of MgO system inclusion is characterized by being 
the compound inclusion of the spinel system whose percentage of the mass of 10% or less and CaO 
system inclusion the percentage of the mass of Si02 system inclusion is 10% or less 10 thru/or 30%, 
[Claim 2] Steel for bearing excellent in the silence according to claim 1 characterized by Cr content 
being 10.0 thru/or 14.0 mass %. 

[Claim 3] Steel for bearing excellent in the silence according to claim 1 or 2 characterized by overall 
diameter rootAREAmax of the oxide system inclusion presumed when prediction area is set to 2 
30000mm in extremal-value Statistics Law being 30 micrometers or less. 
[Claim 4] Furthermore, steel for bearing the silence of a publication excelled [ steel ] in claim 1 
characterized by containing at least one sort of elements chosen from the group which consists of 
nickehO.l thru/or 2.0 mass %, Cu:0.1, or 1.0 mass %, Mo:0.1, or 2.0 mass %, V:0.05, or 1.0 mass % and 
NbiO.Ol thru/or 1.0 mass % thru/or any 1 term of 3. 

[Claim 5] Steel for bearing the silence of a publication excelled [ steel ] in claim 1 to which the content 
of the aluminum203 system inclusion in said oxide system inclusion is characterized by the content of 
15 thru/or 30 mass % and Si02 system inclusion being [ the content of below 2.5 mass % and CaO 
system inclusion ] below 5 mass % for the content of 70 thru/or 85 mass % and MgO system inclusion 
thru/or any 1 term of 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the steel for bearing excellent in the silence especially 
used for anti-friction bearing of precision mechanical equipments, such as an air conditioner, a disk 
drive of a computer, a videocassette recorder, and audio equipment, etc. about the steel for bearing 
excellent in the suitable silence for anti-friction bearing like roller bearing and a ball bearing. 
[0002] 

[Description of the Prior Art] There are silence and an acoustic feature as an index which shows the little 
of the noise made by vibration generated while the rolling equipment of anti-friction bearing and others 
operates. A machine tool and a construction equipment require high silence and a high acoustic feature 
in the comparatively small ball bearing used for the precision mechanical equipment which dislikes 
vibration of a hard disk drive (HDD), a video tape recorder (VTR), etc. to the degree of pole, for 
example, although the lowness of silence and an acoustic feature does not become a problem so much. 
Especially, in the small ball bearing, since the load load is not so large, fatigue properties, such as a 
rolling fatigue life, are seldom thought as important, but importance is attached to the silence and the 
sound engine performance at the time of rotation, and the research and development about this are 
performed variously conventionally. 

[0003] It is two kinds of degradation of the acoustic feature in early stages of use, and the acoustic 
feature by secular change in use which attract attention also especially among the silence of the steel for 
bearing, and an acoustic feature. The acoustic feature in early stages of use is greatly influenced by the 
geometrical finishing precision of bearing parts. And as for the factor which influences this finishing 
precision greatly, hardness of a base is the number and magnitude of the nonmetallic inclusion and 
eutectic carbide which are remarkably different in respect of an ingredient. Moreover, even if the 
acoustic feature in early stages of use is satisfactory level, while being used as bearing parts, the wear 
difference produced between a base, nonmetallic inclusion, and eutectic carbide causes precision 
degradation of the shape of surface type, surface roughness, etc., and an acoustic feature in use falls. 
[0004] The limitation of the magnitude and an amount is indicated by JP,1 1-241 148, A about eutectic 
carbide. However, a steel-manufacture technique progresses and the effect eutectic carbide affects an 
acoustic feature by development of the manufacture approach of carrying out control and the soaking of 
the magnitude of a steel ingot is comparatively small in recent years with the steel materials containing 
C:0.6 thru/or 1.2 mass % and Cr:0.8 thru/or 14.0 mass %. 

[0005] On the other hand, it is well-known that nonmetallic inclusion is harmful to many properties, 
such as a rolling fatigue life of bearing parts, and in order to reduce inclusion, many steel materials 
which controlled contents, such as O or Ti, are indicated. Moreover, by specifying the number of 
nonmetallic inclusion, magnitude, and a presentation, specifying the presentation of the oxide system 
inclusion which exists in steel as JP,3-79741,A, and adjusting the content of the oxide system inclusion 
after processing to it as what aimed at improvement in a rolling life property, even if it does not make a 
minute amount reduce O content extremely, the steel for bearing whose rolling fatigue property 
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improves is indicated. 

[0006] Moreover, although it is indicated by JP,3-126839,A that a rolling fatigue life improves by 
controlling the particle diameter and the number of oxide system inclusion, the relation between silence 
and an acoustic feature is not described. 

[0007] The relation between the number of nonmetallic inclusion and magnitude, silence, and an 
acoustic feature is indicated by JP,1 1-279710,A5 for example. It is indicated by when the content of 
aluminum 203 with it difficult [ to influence silence and an acoustic feature most greatly as a factor by 
the side of the steel materials of bearing parts, and to control in the production process of steel materials 
in this official report, ] grasps exactly the magnitude, the hard number, and hard abundance ratio of 
oxide system inclusion more than 50% mass and specifically controls them that the silence and the 
acoustic feature of bearing parts can be raised. And it is indicated that such inclusion appears on the 
front face of a rolling equipment component with the hard oxide system inclusion more than 50% mass 
when steel for bearing with which many big and rough things exist is used as a material of bearing parts, 
the content of aluminum 203 worsens the precision of finish-machining, and an acoustic feature 
deteriorates. Moreover, even if the acoustic feature in early stages of use is satisfactory level, while 
being used as bearing parts as mentioned above, it is also indicated that a wear difference arises, cause 
precision degradation of the shape of surface type, surface roughness, etc., and an acoustic feature in use 
falls between a base and hard nonmetallic inclusion. 

[0008] Thus, also in nonmetallic inclusion, oxide system inclusion has many the numbers, and in a 
production process, since the control is difficult, it affects silence and an acoustic feature greatly. 
[0009] 

[Problem(s) to be Solved by the Invention] However, there are little invention and research which paid 
their attention to the number and magnitude of nonmetallic inclusion about the silence and the acoustic 
feature of the steel for bearing. Moreover, even if it pays its attention to the number and magnitude of 
nonmetallic inclusion, there is nothing that clarified relation between a presentation and silence of 
nonmetallic inclusion, and an acoustic feature. For this reason, in the present condition that the further 
improvement in silence and an acoustic feature is called for, there is a trouble that the steel for bearing 
which can meet such a demand does not exist. 

[0010] This invention is made in view of this trouble, and it aims at offering the steel for bearing 
excellent in the silence which is stabilized and can acquire good silence and a good acoustic feature. 
[0011] 

[Means for Solving the Problem] The steel for bearing excellent in the silence concerning this invention 
C:0.6 thru/or 1.2 mass %, Si:0.1 thru/or 2.0 mass %, Mn:0.1, or 2.0 mass %, Cr:0.8, or 14.0 mass % and 
below aluminum:0.04 mass % are contained. The remainder consists of Fe and an unescapable impurity, 
and the content of Ti in said unescapable impurity is regulated below at 0.0015 mass %. The content of 
O is regulated below at 0.0012 mass %, and the rate of the mass of aluminum203 system inclusion to 
the gross mass of inclusion 60 thru/or 90%, The rate of the mass of MgO system inclusion is 
characterized by the rate of the mass of Si02 system inclusion being the compound inclusion of the 
spinel system whose percentage of the mass of 10% or less and CaO system inclusion is 10% or less 10 
thru/or 30%. In addition, the content of aluminum 203 says the oxide system inclusion more than 98 
mass %, the content of MgO says the oxide system inclusion more than 98 mass %, the content of Si02 
says the oxide system inclusion more than 98 mass %, and, as for aluminum203 system inclusion, the 
content of CaO says [ Si02 system inclusion ] the oxide system inclusion more than 98 mass % for 
MgO system inclusion, as for CaO system inclusion. 

[0012] In addition, it is desirable for Cr content to be 10.0 thru/or 14.0 mass %, and it is desirable for 
overall diameter rootAREAmax of the oxide system inclusion presumed when prediction area is set to 2 
30000mm in extremal-value Statistics Law to be 30 micrometers or less. 

[0013] Furthermore, at least one sort of elements chosen from the group which consists of nickeliO.l 
thru/or 2.0 mass %, CuiO.l, or 1.0 mass %, Mo:0.1, or 2.0 mass %, V:0.05, or 1.0 mass % and Nb:0.01 
thru/or 1 .0 mass % may be contained. 

[0014] Furthermore, it is desirable for the content of 15 thru/or 30 mass % and Si02 system inclusion to 
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be [ the content of the alxunhium203 system inclusion in said oxide system inclusion / for the content of 
below 2.5 mass % and CaO system inclusion ] below 5 mass % for the content of 70 thru/or 85 mass % 
and MgO system inclusion again. 

[0015] As a result of an invention-in-this-application person's etc. repeating experiment research 
wholeheartedly that said technical problem should be solved, to the oxide system inclusion which exists 
in steel materials Since a mixed part of the refractories which carried out the erosion at the 
contamination or the steel-manufacture process of the nonmetallic inclusion which O combines with 
aluminum, Si, calcium, Mg, or Mn, and can do it, and a slag etc. is contained, There were very little the 
amount and the number of oxide system inclusion (for example, aluminum 203, MgO and Si02, or 
CaO) of a simple presentation, and the knowledge of a great portion of oxide system inclusion being the 
compound inclusion which these compounded and generated was carried out. 
[0016] And the invention-in-this-application person etc. found out that an acoustic feature and silence 
could be raised by analyzing the presentation of the nonmetallic inclusion which exists in the steel for 
bearing, and controlling the presentation of oxide system compound inclusion, as a result of inquiring 
wholeheartedly about the effect the presentation of nonmetallic inclusion affects an acoustic feature and 
silence. When the compound inclusion which uses as a principal component aluminum 203 to which the 
content of Si02 system inclusion exceeded 10 mass %, or the content of CaO system inclusion is 
specifically over 10 mass % existed, an acoustic feature and silence found out falling remarkably. 
[0017] Furthermore, an invention-in-this-application person etc. makes the content of aluminum203 
system inclusion 60 thru/or 90 mass %. By making the content of MgO system inclusion into 10 thru/or 
30 mass %, making the content of Si02 system inclusion below into 10 mass %, and making the content 
of CaO system inclusion below into 10 mass % By setting to 30 micrometers or less overall diameter 
rootAREAmax of the oxide system inclusion presumed when an acoustic feature and silence can be 
raised further and prediction area is set to 2 30000mm in extremal-value Statistics Law Furthermore, it 
found out that an acoustic feature and silence could be raised. 
[0018] 

[Embodiment of the Invention] The chemical entity hereafter contained in the steel for bearing 
concerning this invention and its reason for presentation limitation are explained. 
[0019] C:0.6 thru/or 1.2 mass %C are indispensable elements, in order to increase hardening hardness, 
to maintain a room temperature or hot reinforcement and to give abrasion resistance. Hardening 
hardness is insufficient in C content being under 0.6 mass %, and abrasion resistance cannot be 
maintained. On the other hand, if C content exceeds 1 .2 mass %, in order that the huge eutectic carbide 
which cannot diffuse the soaking of long duration, either may generate, not only the silence of bearing 
parts but grindability, formability in cold forging, and machinability fall. Therefore, C content is made 
into 0.6 thru/or 1 .2 mass %. 

[0020] Si: 0.1 thru/or 2.0 mass %Si are elements required for the deoxidation in a steel -manufacture 
process, and has the effectiveness which increases abrasion resistance and reinforcement. Such 
effectiveness is not acquired as Si content is under 0.1 mass %. On the other hand, if Si content exceeds 
2.0 mass %, formability in cold forging and machinability will fall. Therefore, Si content is made into 
0.1 thru/or 2.0 mass %. 

[0021] Mn: 0.1 thru/or 2.0 mass %Mn are elements which raise hardenability and increase 
reinforcement. Such effectiveness is not acquired as Mn content is under 0.1 mass %. On the other hand, 
if Mn content exceeds 2.0 mass %, retained austenite will increase, and reinforcement will fall 
conversely, and secular change of a dimension will be caused. Therefore, Mn content is made into 0.1 
thru/or 2.0 mass %. 

[0022] Cr: 0.8 thru/or 14.0 mass %Cr are an element which gives corrosion resistance and thermal 
resistance while raising reinforcement and hardenability. Moreover, Cr is connected with C, forms 
detailed carbide, and raises abrasion resistance. Such effectiveness is not acquired as Cr content is under 
0.8 mass %. On the other hand, if Cr content exceeds 14.0 mass %, huge eutectic carbide will generate. 
Therefore, Cr content is made into 0.8 thru/or 14.0 mass %. 

[0023] In addition, within the limits of 0.8 thru/or 14.0 mass %, corrosion resistance improves gradually, 
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so that Cr content increases: And ill bearing parts, the corrosion resistance demanded by the application 
differs greatly. For example, when extraordinarily high corrosion resistance is not required for the usual 
application, 0.8 thru/or 2.0 mass % are enough as Cr content. In this case, reinforcement and 
hardenability improve by addition of Cr. Moreover, as for Cr content, in the precision mechanical 
equipment of the portability used in the bearing parts or the seashore district which attaches like the ball 
bearing the application as which high corrosion resistance high enough is required, for example, for 
HDD, is sometimes degreased completely, and needs to eliminate generating of rust henceforth, it is 
desirable that it is 10.0 thru/or 14.0 mass %. What is necessary is just to choose Cr content in the range 
of these middle Cr contents according to the application of bearing parts. In addition, since a 
manufacturing cost also rises so that Cr content increases, it is desirable to choose Cr content based on 
the balance of the corrosion resistance and cost which are demanded. 

[0024] aluminum: Below 0.040 mass % aluminum is an element indispensable to deoxidation in a steel- 
manufacture process, and the addition is required for it in order to regulate O content. If aluminum 
content exceeds 0.04 mass %, oxide system inclusion with the high content of aluminum 203 will be 
generated so much. Therefore, aluminum content is made below into 0.040 mass %. 
[0025] Ti: In order to generate TiN whose regulation Ti is hard nonmetallic inclusion below at 0.0015 
mass % and to reduce silence and an acoustic feature, the direction with few the content is desirable. If 
Ti content is below 0.001 5 mass %, it approves, but if it is exceeded, the fall of silence and an acoustic 
feature will become remarkable. Therefore, Ti content is made below into 0.0015 mass %. 
[0026] O: In order for Regulation O to generate oxide system inclusion and to reduce silence and an 
acoustic feature below to 0.0012 mass %, the direction with few the content is desirable. If O content is 
below 0.0012 mass %, it approves, but if it is exceeded, the fall of silence and an acoustic feature will 
become remarkable. Therefore, 0 content is made below into 0.0012 mass %. 
[0027] Moreover, the following component elements may be added further if needed. 
[0028] nickel: While raising hardenability and making a hardening depth deep, there is effectiveness of 
improving toughness and ductility in 0.1 thru/or 2.0 mass %nickel. Such effectiveness is not acquired as 
nickel content is under 0.1 mass %. On the other hand, if nickel content exceeds 2.0 mass %, the amount 
of retained austenite will be made to increase, secular change in use to bearing parts will be caused, and 
an acoustic feature will be degraded. Therefore, as for nickel content, it is desirable that it is 0.1 thru/or 
2.0 mass %. 

[0029] Cu: 0.1 thru/or 1.0 mass %Cu are elements which raise hardenability and corrosion resistance. 
Such effectiveness is not acquired as Cu content is under 0.1 mass %. On the other hand, if Cu content 
exceeds 1 .0 mass %, red shortness will be promoted and hot-working nature will be reduced. Therefore, 
as for Cu content, it is desirable that it is 0.1 thru/or 1.0 mass %. 

[0030] Mo: 0.1 thru/or 2.0 mass %Mo are an element which raises corrosion resistance and abrasion 
resistance while raising hardenability. Such effectiveness is not acquired as Mo content is under 0.1 
mass %. On the other hand, if Mo content exceeds 2.0 mass %, while generating M6C carbide so much 
and saturating ** or effectiveness, silence and an acoustic feature are degraded. Therefore, as for Mo 
content, it is desirable that it is 0.1 thru/or 2.0 mass %. 

[0031] V:0.05 thru/or 1.0 mass %V are an element which raises abrasion resistance and thermal 
resistance while it generates detailed VC carbide and makes crystal grain detailed. Such effectiveness is 
not acquired as V content is under 0.05 mass %. On the other hand, if V content exceeds 1.0 mass %, 
VC carbide will make it big and rough, and silence and an acoustic feature will be degraded. Therefore, 
as for V content, it is desirable that it is 0.05 thru/or 1.0 mass %. 

[0032] Nb: 0.01 thru/or 1.0 mass %Nb generate detailed NbC carbide, and makes crystal grain detailed. 
This effectiveness is not acquired as Nb content is under 0.01 mass %. On the other hand, if Nb content 
exceeds 1.0 mass %, NbC carbide will make it big and rough, and silence and an acoustic feature will be 
degraded. Therefore, as for Nb content, it is desirable that it is 0.01 thru/or 1.0 mass %. 
[0033] Furthermore, in this invention, it is desirable for overall diameter rootAREAmax of the oxide 
system inclusion presumed when prediction area is set to 2 30000mm in extremal- value Statistics Law 
to be 30 micrometers or less. If overall diameter rootAREAmax exceeds 30 micrometers, a finish system 
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will fall and it will become easy fof an acoustic feature to fall in connection with this. 
[0034] In addition, extremal -value Statistics Law is an approach of presuming magnitude 
rootAREAmax of the maximum inclusion which exists in the area of arbitration by measuring the 
magnitude of the biggest thing out of the inclusion in a certain unit area SO from two or more test pieces, 
and plotting it to an extremal-value probability paper, and it is used for inclusion evaluation of mass- 
production material. 

[0035] Next, the number of 0 content and Ti content, and nonmetallic inclusion and relation with 
magnitude are explained. Since the inclusion generated from Ti about Ti is mostly limited to TiN, it can 
arrange by comparatively simple relation. That is, a certain amount of correlation is accepted between 
the number of Ti content and Ti system nonmetallic inclusion, and magnitude, and the number of Ti 
system nonmetallic inclusion and presumption of magnitude are possible to some extent from the 
analysis value of Ti content. On the other hand, about O, it combines with aluminum. Si, calcium, Mg, 
Mn, etc., and the nonmetallic inclusion of varieties is generated from O. Furthermore, since a mixed part 
of the refractories which carried out the erosion at a part for contamination and the steel-manufacture 
process of a slag etc. is contained in oxide system inclusion, for this reason, in the high steel for bearing 
of cleanliness with which O content is regulated below at 0.0012 mass %, a correlation hardly exists 
between O content, the presentation of nonmetallic inclusion, a number, and magnitude. This is 
indicated by an ingredient, a process, and "4 (1991), 321''. [ an ingredient, a process, "4 (1991), 1 178", 
and ] Therefore, evaluation of the nonmetallic inclusion in the steel for bearing must be performed by 
measuring the presentation, a number, and magnitude by the optimal approach directly. 
[0036] So, in this invention, maximum inclusion size rootAREAmax which used extremal-value 
Statistics Law is limited. And in presumption of overall diameter rootAREAmax by extremal-value 
Statistics Law in this invention, the magnitude of the greatest oxide system inclusion in the square visual 
field that die length of one side is 10cm using an optical microscope is measured with 20 visual fields 
per each test specimen, making it an inspection visual field not overlap, and the magnitude of the 
maximum inclusion when setting anticipation area to 2 30000mm is presumed. 
[0037] In addition, in this invention, it is required to be the compound inclusion of a spinel system with 
which, as for oxide system inclusion 15 micrometers or more, particle size fills the following conditions. 
This is based on the following reason. When the steel whose inclusion is a base completely tends to 
differ in a mechanical property and steel tends to deform it in response to stress, this inclusion does not 
deform but a crack produces it on a base near the tip of inclusion. If repeated stress joins an ingredient in 
such the condition, a crack will progress gradually and it will result in destruction soon. Oxide system 
inclusion has the largest effect also in inclusion to such a rolling fatigue life. Moreover, oxide system 
inclusion also affects silence. Therefore, there is no big and rough inclusion into a base, and it is 
desirable that there is little the nimiber. 

[0038] Moreover, the inclusion with the high content of Si02, MgO, or CaO has high possibility of 
existing by mixing or the contamination from a slag of refractories or brick, and it is not the inclusion 
refined during the dissolution. When such inclusion appears on the surface of steel materials, inclusion 
exfoliates or is easily missing and a crack or a hole remains. Consequently, a fatigue life or a sound life 
will be reached at an early stage. Moreover, since inclusion serves as an origin of fatigue breaking even 
when such inclusion exists in the interior, a fatigue life or a sound life will be reached at an early stage. 
Furthermore, when oxide system inclusion exists in steel, it has big effect a rolling fatigue life, a 
mechanical property, and in the shape of front planarity. Then, in order to reduce inclusion 
conventionally, cleanliness is raised by refinement, such as slag deoxidation and degasifying. Although 
an oxygen density can be lowered and the amount of inclusion in steel can be reduced by such approach, 
it cannot necessarily remove completely and silence cannot say that it is sufficiently low in the steel 
obtained by the conventional approach. On the other hand, as shown below, a good acoustic feature and 
silence are acquired by specifying the rate of inclusion appropriately. 

[0039] The rate of the mass of aluminum203 system inclusion: If the rate of the mass of aluminum203 
system inclusion to the gross mass of 60 thru/or 90% inclusion exceeds 90%, large-sized inclusion will 
become is easy to be formed. On the other hand, the rate of other oxide system inclusion, for example. 
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Si02 system inclusion, CaO system inclusion, etc. becomes it high relatively that the percentage of the 
mass of aluminum203 system inclusion is less than 60%, and large-sized inclusion becomes is easy to 
be formed. Therefore, the rate of the mass of aluminum203 system inclusion to the gross mass of 
inclusion is made into 60 thru/or 90%. As for especially the rate of the mass of aluminum203 system 
inclusion, it is desirable that they are 70 thru/or 85%. 

[0040] The rate of the mass of MgO system inclusion: The contamination of refractories generates that 
to which the rate of the mass of MgO system inclusion to the gross mass of 10 thru/or 30% inclusion 
exceeds 30%, and it tends to be missing. On the other hand, the rate of the mass of MgO system 
inclusion does not become a spinel system for it to be less than 10%, but large-sized inclusion becomes 
is easy to be formed. Therefore, the rate of the mass of MgO system inclusion to the gross mass of 
inclusion is made into 10 thru/or 30%. As for especially the rate of the mass of MgO system inclusion, it 
is desirable that they are 15 thru/or 30%. 

[0041] The rate of the mass of Si02 system inclusion: That to which the rate of the mass of Si02 system 
inclusion to the gross mass of 10% or less inclusion exceeds 10% generates [ the contamination of 
refractories ] and is big and rough. Therefore, the rate of the mass of Si02 system inclusion to the gross 
mass of inclusion is made into 10% or less. As for especially the rate of the mass of Si02 system 
inclusion, it is desirable that it is 2.5% or less. 

[0042] The rate of the mass of CaO system inclusion: That to which the rate of the mass of CaO system 
inclusion to the gross mass of 10% or less inclusion exceeds 10% generates [ the contamination of 
refractories ] and is big and rough. Therefore, the rate of the mass of CaO system inclusion to the gross 
mass of inclusion is made into 10% or less. As for especially the rate of the mass of CaO system 
inclusion, it is desirable that it is 0.5% or less. 

[0043] The presentation of such oxide system inclusion can be specified by carrying out quantitative 

analysis using an energy dispersive X-ray analyzer. 

[0044] 

[Example] Hereafter, the example of this invention is concretely explained as compared with the 
example of a comparison from which it separates from the claim. 

[0045] First, the steel materials of the example of the presentation shown in Tables 1 and 2 and the 
example of a comparison were produced. After these steel materials offered as a sample refined molten 
steel and carried out degasifying processing, ingot making of them was carried out, it was the purpose 
which diffuses huge carbide, and after they performed the soaking of 3 hours at 1230 degrees C, they 
produced the wire rod the bar whose diameter is 25mm, and whose diameter are 5.5mm with hot rolling. 
Furthermore, after holding at 790 thru/or 900 degrees C for 1 hour and cooling slowly at 15 degrees 
C/o'clock or less in rate to 600 degrees C, spheroidizing was carried out by carrying out air cooling. In 
addition, P and S in Table 1 and 2 are an unescapable impurity. Moreover, it is shown that the element 
does not contain in Table 1 and 2. 
[0046] 
[Table 1] 
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No. 






























c 


S 1 


Mn 


p 


s 


C r 


A 1 




0 


N i 


C u 


Mo 


V 


Nb 




1 

X 


1 on 




0 4.R 




0 0O4 


1 AA 


ft 099 


ft ftftftft 


0 0005 














•> 
£t 




0 40 




0 022 


0 002 


1 00 


0 01 K 


ft ftft19 


0.0004 














Q 

o 








0 017 






n 090 


ft ftftll 


0 0008 














A 




1 no 


ft aft 


n 019 


0 009 


1 OK 


ft ftlfl 


ft ftftlft 


0 OOOfi 


— — 








— — 




0 


ft 7fl 




ft Aft 


ft ftOQ 


0 OOfi 


f> <10 


ft ft! 7 


ft ftftlft 


0 0007 














a 

D 




0 12 


0 AO 


0 oin 


0.005 


7.34 


ft 099 


ft ftfti 9 


O.OOlO 














7 




0 1^ 


0 9R 


0 02.'5 


0 002 


60 


ft ft9A 
U.UZ4 


ft ftftftQ 


0 0009 














fi 
o 




0 f>0 


0 RR 


0 01A 


0 00^ 


Q 12 


ft ft9ft 


ft ftftftQ 


0.0010 














o 

a 


1 ftt; 




ft 


n Old 


0 00^ 


10 


ft ftl A 


ft ftftftfl 


0 0011 














1ft 
lU 


ft 77 


ft *lft 


ft Qft 


ft ft9ft 


O OOA 


19 70 


U.Ulc 


A ftftIO 


0 OOOfl 












m 


1 f 

Jll 


1 no 


1 ftK 


ft Qfi 


ft ft91 


ft ftftO 


io. /U 


ft nojf 


ft ftfti 1 


0 OOOA 








— — 


— — 




1 9 


n QQ 


ft Q^l 


ft 9fi 


0 n^^o 


ft ftft^ 


0 QO 


tl.OZY 


A AA1 A 


0.0007 


0.30 












1 Q 


119 


ft >lft 
U.4U 


ft fiR 


ft 091 


ft ftft9 


1 Aft 


U.UliI 


ft ftftftQ 


0 OOOfl 


1 AO 




0 \K 




_ 




1^ 
14 


ft ftil 


1 Aft 


ft 


ft ftl K 


0 009 




n ftOR 


ft ftfti 0 


0 onofl 


— 


0 \^ 




0.50 


_ 






ft ftft 


ft Kft 


ft 


0 019 


0 OOit 
U.UU4 


/I 9ft 


0.022 


0.0011 


0 onofi 






1.90 




_ 




16 


0.76 


0.24 


0.29 


0.007 


0.002 


6.66 


0.026 


0.0010 


0.0008 





_ 







G.60 




17 


0.98 


0.36 


0.32 


0.019 


0.006 


8.26 


0.020 


0.0009 


0.0007 




0.88 










18 


0.80 


0.50 


0.30 


0.020 


0.002 


10.23 


0.024 


0.0012 


0.0008 




0.35 










19 


0.87 


0.33 


0.45 


0,021 


0.003 


12.66 


0.023 


0.0014 


0.0010 






1.02 


0.13 






20 


1.02 


0.28 


0.30 


0.016 


0.002 


13.70 


0.020 


0.0011 


0.0011 








0.87 


0.05 



[0047] 
Table 2] 





No, 






C 


S I 


Mn 


P 


S 


C r 


A I 


T i 


0 


N i 


Cu 


Mo 


V 


Nb 




21 


0.88 


0.21 


0.37 


0.015 


0.002 


1,44 


0.018 


0.0025 


0.0012 














22 


1.02 


0.25 


0.36 


0.013 


0.002 


1.38 


0.015 


0.0015 


0.0009 














23 


1.01 


0.24 


0.35 


0.015 


0.006 


1.41 


0,012 


0.0012 


0.0010 














24 


0.99 


0.22 


0.25 


0.020 


0.004 


1.35 


0.020 


0.0018 


0.0012 














25 


1.02 


0.22 


0.30 


0.018 


0.004 


1.44 


0.022 


0.0020 


O.OOll 














26 


0.82 


0.25 


0.41 


0.011 


0,005 


4.02 


0.018 


0.0016 


0.0009 














27 


1.00 


0.24 


0,62 


0.012 


0.005 


6.80 


0.029 


0.0027 


0.0013 














28 


0.65 


1.20 


0.37 


0.017 


0.006 


8.09 


0.024 


0.0026 


0.0015 












it 


29 


0.92 


0.35 


0.40 


0.022 


0.004 


10.44 


0.026 


0.0024 


0.0012 












30 


0.55 


0.60 


0,38 


0.016 


0.002 


13.50 


0.022 


0.0010 


0,0010 












31 


1.26 


0.42 


0.33 


0.018 


0.002 


1.45 


0.020 


0.OO15 


0.0008 












32 


1.05 


2,10 


0.34 


0.011 


0.002 


1.10 


0.021 


0.0012 


0.0009 














33 


0.89 


0.28 


2.30 


0.020 


0.003 


1.24 


0,018 


0.0014 


0.0010 














34 


0.84 


0.24 


0.40 


0.017 


0.004 


0.72 


0.023 


0.0013 


0.0010 














36 


1.03 


0.33 


0.38 


0.013 


0.002 


14.60 


0.025 


0.0014 


0.0011 














36 


0.95 


0.31 


0.29 


0.014 


0.004 


4.03 


0.047 


0.0012 


0.0011 














37 


0.88 


0.26 


0.28 


0.016 


0.005 


1.30 


0.022 


0.0013 


0.0012 














38 


1.01 


0.20 


0.24 


0.012 


0.004 


1,36 


0.019 


0.0012 


0.0009 














39 


0.77 


0,30 


0.33 


0.018 


0.004 


1.38 


0.018 


0.0011 


0.0010 














40 


0.89 


0.32 


0.39 


0.017 


0.003 


1.42 


0.022 


0.0014 


0.0011 













[0048] Then, while presuming overall diameter rootAREAmax of the oxide system inclusion at the time 
of setting prediction area to 2 30000mm by extremal-value Statistics Law about oxide system inclusion, 
the presentation of oxide system inclusion was measured. These results are shown in Table 3 and 4. 
However, the presentation of the diameter inclusion of an oxide shown in Table 3 and 4 is the average of 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



3/29/2007 



JP,2003-1 13448,A [DETAILED DESCRIPTION] 



Page 8 of 13 



20 things whose major axes-are 15 micrometers. The test piece used for these measurement and 
presumption is JIS. It produces based on the "microscopic-test approach of the nonmetallic inclusion of 

steel" specified to G0555. 

[0049] The digital gage which **** the rate of a scale factor under an optical microscope as 100 times, 
makes a scale factor 1000 times in measurement of the magnitude of a maximum inclusion within each 
visual field at the time of measurement, and is attached to the microscope was used. About the inclusion 
which approached, as shown in drawing 1 (a), when it was more than a major axis with smaller spacing 
of two oxide system inclusion, each major axis was adopted, as shown in drawing 1 (b), when spacing of 
two oxide system inclusion was smaller than the major axis of the smaller one, it considered that both 
were one inclusion and the major axis was adopted. And as mentioned above, presumption of overall 
diameter rootAREAmax measured each overall diameter with 20 visual fields about each test specimen, 
plotted this to the extremal-value probability paper, and performed it. 

[0050] Moreover, in the component analysis of oxide system inclusion, the oxide system inclusion in 
which an overall diameter is shown within each visual field at the time of presuming overall diameter 
rootAREAmax was observed by one 4000 times the scale factor of this using the scanning electron 
microscope (SEM), and the presentation of 20 oxide system inclusion was measured by the grand total 
with the energy dispersive X-ray analyzer attached to SEM. And these averages were calculated. 
[0051] 

Table 3] 





No. 


1 








AkOs^ 




Si02$ 


CaO?^ 




f AKEAmaxCMm) 




1 


78.71 


20.85 


0.24 


0.20 


100.00 


12.0 




2 


80.81 


19.10 


0.00 


0.09 


100.00 


14.6 




3 


78.40 


21.26 


0.16 


0.18 


100.00 


16.2 




4 


75.07 


24.64 


0.27 


0.02 


100.00 


18.5 




5 


83.76 


16.67 


0.52 


0.05 


100.00 


21.2 




6 


76.59 


22.42 


0.36 


0.63 


100.00 


23.0 




7 


79.56 


15.89 


0.02 


4.53 


100.00 


18.7 




8 


79.62 


16.48 


3.76 


0.14 


100.00 


23.6 




9 


73^6 


26.64 


0.04 


0.06 


100.00 


26.4 




10 


79.56 


17.92 


0.00 


2.52 


100.00 


22.5 


m 


11 


76.33 


15.92 


0.22 


7.68 


100.00 


24.6 




12 


78.33 


21.67 


0.00 


0.00 


100.00 


13.6 




13 


76,77 


22.99 


0.00 


0.24 


100.00 


18.8 




14 


72.08 


27.81 


0.10 


0.01 


100.00 


22.4 




15 


80.62 


18.64 


0.06 


0.68 


100.00 


26.4 




16 


75.21 


24.12 


0.00 


0.67 


100,00 


20.8 




17 


87.28 


12.60 


0.08 


0.04 


100.00 


26.4 




18 


79.77 


19.85 


0.20 


0.18 


100.00 


21.7 




19 


66.66 


27.64 


2.16 


3.64 


100.00 


23.6 




20 


88.12 


11.06 


0.26 


0.66 


100.00 


28.4 



[0052] 
[Table 4] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



3/29/2007 



JP,2003-1 13448,A [DETAILED DESCRIPTION] 



Page 9 of 13 





No. 


1 




jo.^ J rix'»u 






MgU /i^ 


oi\Ja ^ 




a hT 


/'AREAixiax(am) 




91 


Q7 


13.45 


A OA 

4.0U 


1 C OQ 

lo.zo 


1 An AA 


33.2 






I^A 9>1 


8.64 


14.77 


1A 0(C 


1 An nA 


ox.o 








K Ail 


A t A 

4. 14 


on At 
ZU.41 


inn nn 
IUU.UU 


83.0 




OA 


Oif.O I 


U.44 


01 OK. 


OO.D4 


mn nn 
IUU.UU 


38.4 




OK 
ZD 


Q9 Qfi 
oZ.OO 


7.33 


A Ate 


A OA 

U.z4 


1 nn nn 

IUU.UU 






ZD 




7.72 


C OA 

o.oU 


l.oo 


1 f\f\ HA 

IUU.UU 


28.6 




2/ 


159 
O 1 .OZ 


0.04 


1 CA 


te\ OA 


1 AA AA 
IUU.UU 






9Q 
Zo 


0 1 .40 


12.56 


5.05 


1 A AA 

14.84 


1 AA AA 
IUU.UU 


38.0 


it 
m 


9Q 

Zo 


A7 1 1 


0.18 


7.49 




1 AA AA 
IUU.UU 


40 0 


oU 




13.30 


E OA 
O.OU 


A KA 


lAA nn 
IUU.UU 




Q1 

ol 


ro.oO 


21.88 


0.13 


0.19 


100.00 




02 


oZ.4d 


16.64 


0.53 


0.38 


1 AA AA 

IUU.UU 


9fl 7 




do 


f D.O« 


22.36 


0.64 


0.76 


100.00 






o>i 
o4 


74.S3 


19.46 


3.48 


O 1 Q 

Z.lo 


1 AA AA 
IUU.UU 


OL.VI 




oO 




Ia.OO 


1,07 


1.20 


100.00 


35.6 




36 


74.62 


17.28 


4.42 


3.68 


100,00 


37.5 




37 


56.48 


43.32 


0.12 


0.08 


100,00 


28.4 




38 


67.45 


28.78 


9.42 


4.35 


100,00 


33.0 




39 


76.11 


12.35 


0.08 


11.46 


100.00 


32.4 




40 


72.15 


16.48 


12.20 


0.17 


100.00 


29.6 



[0053] Then, to these examples and the example of a comparison, under the conditions shown in 
following Table 5 and 6, quenching, subzero treatment, and tempering were given and the inner ring of 
spiral wound gasket and outer ring of spiral wound gasket of a ball bearing were produced. And the ball 
of further the product made from SUJ2 was incorporated, and the Ande Ron value was measured based 
on the specification of AFBMA (The Anti-Friction Bearing Manufacturers Association, Inc.) about the 
inside frequency band (300-1 800kHz) and the high-frequency band (1800-lOOOOkHz). This result is 
shown in following Table 7 and 8. In addition, the quiet sex index shown in Table 7 and 8 shows the 
relative value by making the thing of example No.of comparison 21 into criteria (100). Good silence is 
acquired, so that a quiet sex index is low. Moreover, the content of Si02 system inclusion, the content of 
CaO system inclusion, the content of MgO system inclusion, and the relation between maximum 
inclusion size rootAREAmax and a quiet sex index are shown in drawing 2 thru/or drawing 5 . - in 
drawing 2 thru/or drawing 5 shows the quiet sex index of an inside frequency band, and ** shows the 
quiet sex index of a high-frequency band. 
[0054] 
[Table 5] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



3/29/2007 



JP,2003-113448,A [DETAILED DESCRIPTION] 





No. 




MAm&l 






n 
m 


1 


830 


to 




o 


830 


'It 




Q 
O 


850 


•7b 


XO\J 


/I 


850 


-7b 


iftn 


c 
D 


950 


"7o 


lOVI 


b 


1000 


•To 


lou 


7 


1000 


-76 




D 
P 


1000 


•76 


1 RH 




1050 


•76 


zuu 


10 


1050 


-76 




11 


1050 


"76 


2fiUU 


1 o 


950 


•76 


1 QA 


13 


950 


■76 


ioU 


14 


950 


"76 


loU 


1& 


1060 


•76 




1 is 

lb 


950 


-76 


180 


17 


1000 


•76 


180 


18 


1050 


-76 


200 


19 


1050 


-76 


200 


20 


1060 


-76 


200 


[00 
[Ta 


55] 
ble 61 




No. 








mmmst (x:) 


it 
09 


21 


830 


•76 


180 


22 


830 


•76 


ISO 


23 


850 


•76 


180 


24 


850 


•76 


ISO 


26 


850 


■76 


180 


26 


950 


•76 


180 


27 


950 


•76 


180 


28 


1000 


•76 


180 


29 


1050 


-76 


200 


30 


1060 


•76 


200 


31 


830 


-76 


180 


32 


830 


•76 


180 


33 


850 


-76 


180 


34 


850 


•76 


180 


35 


1050 


•76 


200 


36 


950 


•76 


180 


37 


850 


•76 


180 


38 


850 


-76 


180 


39 


850 


-76 


180 


40 


850 


-76 


180 



[0056] 
[Table 7] 
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No. 








(HRC) 








1 




A K. 

45 








CO 1 


04 


KA 
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A1 ft 


AH 

4o 






A 

4 






00 




0 


bU.o 


Db 


Do 




a 
o 


an A 




lO 




7 


CI n 


7U 


Alt 
DO 




o 

O 


X>1.A 


60 


7U 






bii. / 


61 


AK. 

bo 




1 A 


bl.5 


75 


74 


IS 

m 


11 


CO r\ 
bZ.U 


82 


oU 




12 


b^»4 


CO 

Oo 


b^ 








56 


nn 
DU 




14 




64 


bo 




15 






68 






fin 7 


65 


74 




17 


60.4 


69 


70 




18 


61.4 


70 


78 




19 


61.2 


80 


80 




20 


62.0 


69 


74 



[0057] 
[Table 8] 





No. 










(HRC) 








21 


62.5 


100 


100 




22 


61.8 


110 


112 




23 


62.4 


115 


116 




24 


61.6 


118 


120 




25 


62.0 


105 


107 




26 


61.5 


108 


110 




27 


62.0 


103 


109 




28 


60.6 


110 


114 


Jt 
m 


29 


61.8 


115 


116 


30 


60.8 


121 


124 


31 


60.2 


115 


124 


32 


62.1 


110 


115 




33 


61.7 


103 


116 




34 


62.0 


108 


117 




36 


61.5 


109 


121 




86 


62.2 


111 


120 




37 


61.8 


104 


116 




36 


61.2 


105 


113 




39 


62.0 


113 


114 




40 


61.4 


116 


119 



[0058] As shown in Table 7, since this invention within the hmits had the presentation of the whole 
steel, and the presentation of oxide system inclusion in example No.l thru/or 20, as compared with 
example No.of comparison 21 to which Ti content exceeded the upper limit of this invention range, and 
the rate of CaO system inclusion is over the upper limit of this invention range, the low quiet sex index, 
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i.e., good silence, was obtained. 

[0059] On the other hand in example No.of comparison 22, the rate of MgO system inclusion was under 
the lower limit of this invention range, and since the rate of Si02 system inclusion and CaO system 
inclusion was over the upper limit of this invention range, silence was lower than example No.of 
comparison 21. 

[0060] In example No.of comparison 23, the rate of MgO system inclusion was under the lower limit of 
this invention range, and since the rate of CaO system inclusion was over the upper limit of this 
invention range, silence was lower than example No.of comparison 21 . 

[0061] In example No.of comparison 24, Ti content exceeded the upper limit of this invention range, the 
rate of aluminum203 system inclusion and MgO system inclusion was under the lower limit of this 
invention range, and since the rate of Si02 system inclusion and CaO system inclusion was over the 
upper limit of this invention range, silence was lower than example No.of comparison 21. 
[0062] In example No.of comparison 25, Ti content exceeded the upper limit of this invention range, the 
rate of aluminum203 system inclusion exceeded the upper limit of this invention range, and since the 
rate of MgO system inclusion was under the lower limit of this invention range, silence was lower than 
example No.of comparison 21 . 

[0063] In example No.of comparison 26, the rate of aluminum203 system inclusion exceeded the upper 
limit of this invention range, and since the rate of MgO system inclusion was under the lower limit of 
this invention range, silence was lower than example No.of comparison 21. 
[0064] In example No.of comparison 27, Ti content and 0 content exceeded the upper limit of this 
invention range, the rate of MgO system inclusion was under the lower limit of this invention range, and 
since the rate of CaO system inclusion was over the upper limit of this invention range, silence was 
lower than example No.of comparison 21. 

[0065] In example No.of comparison 28, since Ti content and O content exceeded the upper limit of this 
invention range and the rate of CaO system inclusion was over the upper limit of this invention range, 
silence was lower than example No.of comparison 21. 

[0066] In example No.of comparison 29, Ti content exceeded the upper limit of this invention range, the 
rate of MgO system inclusion was under the lower limit of this invention range, and since the rate of 
CaO system inclusion was over the upper limit of this mvention range, silence was lower than example 
No.of comparison 21. 

[0067] In example No.of comparison 30, since C content was under the lower limit of this invention 
range, silence was lower than example No.of comparison 21. 

[0068] In example No.of comparison 31, since C content was over the upper limit of this invention 
range, silence was lower than example No.of comparison 21 . 

[0069] In example No.of comparison 32, since Si content was over the upper limit of this invention 
range, silence was lower than example No.of comparison 21 . 

[0070] In example No.of comparison 33, since Mn content was over the upper limit of this invention 
range, silence was lower than example No.of comparison 21. 

[0071] In example No.of comparison 34, since Cr content was under the lower limit of this invention 

range, silence was lower than example No.of comparison 21. 

[0072] In example No.of comparison 35, since Cr content was over the upper limit of this invention 
range, silence was lower than example No.of comparison 21 . 

[0073] In example No.of comparison 36, since aluminum content was over the upper limit of this 
invention range, silence was lower than example No.of comparison 21 . 

[0074] In example No.of comparison 37, the rate of the mass of aluminum203 system inclusion to the 
gross mass of inclusion was under the lower limit of the invention-in-this-application range, and since 
ttie rate of the mass of MgO system inclusion was over the upper limit of this invention range in 
connection with it, silence was lower than example No.of comparison 21 . 

[0075] In example No.of comparison 38, since the rate of the mass of aluminum203 system inclusion to 
the gross mass of inclusion was under the lower limit of the invention-in-this-application range, silence 
was lower than example No.of comparison 21 . 
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[0076] In example No.of comparisdn 39, since the rate of the mass of CaO system inclusion to the gross 
mass of inclusion was over the upper limit of the invention-in-this-application range, silence was lower 
than example No.of comparison 21. 

[0077] In example No.of comparison 40, since the rate of the mass of Si02 system inclusion to the gross 
mass of inclusion was over the upper limit of the invention-in-this-application range, silence was lower 
than example No.of comparison 21. 
[0078] 

[Effect of the Invention] Since not only the presentation of a base material but the presentation of the 
oxide system inclusion which exists in the interior is appropriately specified according to this invention 
as explained in full detail above, it is stabilized and a good acoustic feature and silence can be acquired. 
For this reason, small anti-friction bearing excellent in the acoustic feature and silence which are a 
property important for a precision mechanical equipment can be obtained. 



[Translation done.] 
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['mm ] c : 0. enmi. 2nM.%. s i 

0. 17^S2. OKfi%. Mn:0. 171jM2. 0«« 

C r : 0 . 87!;^ 1 4 . OM^%RX/A 1:0.0 

4««%OT2r^*L, m>ti''F em^mmMm 

*»A>^ 0 , iflfi^^iSW^^etl't'COT i CO^«*iO . 

00 1 5««%WTt3SS'J§tl. OCO^W**^'0. 0 0 

tl>A 1 2 O3 ^:rt-ftft<0««c7)SiJ^*i6 0JbM9 0 
% > M g 0mmK0MA(0W\-^i}^ I 0 :n7S 3 0 % . S 

1 02 ^it^mionmcom^t^i o%&rf. caom 

hat 

[11^312] Cr#*J|*nO. 07^514. 0^» 

rn^iiB ] mmmfmizisK^x^mmi: s o o o 

0mm2 1 tfcJi-&^^itS$^^I.SEibi)^^/^^E!t^^c7)ft:;*c 
A REAmax3!)«30>a mOT-C* I. ^1 1 Sr^Si: 

^ I xii 2 izimmm^mixtim^mm. 

[11^114] Ni : 0. 1 7^^ 2. 0M%. 

Cu : 0. ITjMI. 0M&%. Mo : 0. i:n;S2. 
0«ft%, V : 0 . 0 57bm 1 . 0«*%ai^N b : 

0. 0 17^^1. om%ii'i^^j:hm-hmm^tirz'j''' 
1 7^M 3 ^■rix*> 1 mzsmmmm^mtitzm^m 
mam 5 : mimim^iYmi'^(r> a 1 2 o 3 mtfi- 

Sft<7)-^:fi-M*5 7 07^M8 5 M g OIkiY^m<7i 

^^mtr^l 57^S3 0K«%, S i O2 

[000 1] 

imcomtmwim] ^mn^t. zbm:mmi 
mmmizmti. 

[0 0 0 2] 

m-tmwuzi, *)±tm=0ff)'j'^^j:^^7^tt^mi: l 

x'ii. m^RT/'^mm(7)mii^tiiib'mmiz^j:i^ 

^rv^*\ miii^^-VT^Xi^Vy^-/ (HDD) Mf 
t'f:^f-rua-f (VTR) l?<OJ: a=S:Ji«i^ffi« 



[0003] m.mmmmim/=^mm.<r) 3 *>Tt 

O^^3S!<l:CJ:l.^t$tt(0^MbO2a^T*l., <£ffl 

w^<r)=^mmiim.ummw/i^j:it±immz±t 

[0004] ftfaM-fbiilt-OV^-CW, 11-24 
1 1 4 Sn^J^mz. ^<r)±t $&t/40PI-S*»'ra5^§il 
TV^I,, L*^L. jg:^. i!l@Sffi*-'^L. C : 0. 6 
7^M1. 2«%St/Cr:0. 87^^14. 0«*% 

[0005]-:^. n±mitmitms:W'Sx<7ymm^ 
^m<Dmw&.\>z^xhhzbWiim:'h'^. i^wn 
im<-fhfzmz. ox^tT \m<n^^s.im\Ltzm 

LT, 0iJi.tf«praT3 - 7 9 7 4 l-t^fgtc. ffl^J 

hm^mmii^iv^^tix^M,. 

[0006] t/t. #W¥3-1 2 683 9^^|gt 

ifi. m^m'^m^b<mmz->\,yt:\,imxhiix 

[0007] ^N^JS:fr«!|^!l<^i!c&U^:^& $ »«ttStX 
^Si^ttt^OMmcov^rti. ^Ji.tt'«^Tl 1-2 7 

97 1 o^^fgfciEasii-rv^s. ft<*cwtt4. 
hzbimm^j:A 1 2 03 ioif«*«5 o%mta±<r) 

-eLT, A 1 2 O3 cO-^W**<5 0%«4Ja±<Oll 



f 
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iiaxmsiimit^-^xwsmti)^^'(tth z t mm 

txmmmr/mmm^mmm^^t^m . 
f^mco^mmmrti z t humtLx^^i . 
[0008] zcDXoiz. ^^^^it^^cD'^xmim 
m^m^i. ^m.m< . tfz. ^xmizm^x-^ 
mmmmx'h^fzif>. nmmx/'^wmiziz^< 

[00091 

mmmmu^^m^izm ixn±mirm^mm 
'frmsmLm±t^izmstt:i,<r>Tf)'yxt. 

Ki:h\^±^^^>ibhiximmz}i\-^X , Z<OXo^j:mmz 

^xh-ox. m^j:i»mm.x/wsm^^mixm 

[00 11] 

tifzm^mmi^i. c -.o. enmi. 2MM%. s i : 

0. in^2. 0®»%. Mn:0. IJb^l. 0«» 
%, Cr : 0. 87^514. 09t%RV'Al : 0. 0 

0 . wtiT^^mmT^nm'i'coT i io^wi^^'o . 

00 1 5«»%IilTtcaSlj§^i. OO#«*50. 0 0 

•ti.A 1 2 03 ?^ift^co^mcom-^¥e onm9o 

% . M g 0^:rt-4*8!l<^«ftO|iJ-^*>' 1 0 J^M 3 0 % . S 

1 O2 iK:frl£!B!l<^®JIWilJ^*J 1 0%JaT, CaO^it- 
i£ftfO«*c7)|ij^;!,i; 1 0 %WTt'S) I X t ;t>;P^KolS^ 
:fr?£!feTi)Sit2r!»Sti:-ri.. ^fc. A 1 2 O3 ^^tfi- 
tttttti, A 1 2 O3 <0#^«*59 8«»%JiLhOS?^b 
!H!l^/i-|^S:VH\ MgO^:frqa^i:ti. MgO<?D-i-^r 
ft*<9 8«*%l.:Jl±Oig^l:!f5!llS:fr^Et)^ov^, S i O2 
^tfrttil^Jtti, S i O2 cr)^^ii/^9 8mm%aALC0m. 

[00 12] ^fc, Cr-i-«*n 0. 07^^14. 0 

^s&%xhizbi!^mti<. t/ts ffiffli^tatwfcv^ 

•C^aiBS«S:3 0 0 0 0mm 2 t Itz^-^l/Zim^tlh 

Simmmi(r>s:m^ ARE Amsixmo Mmin 



Txs>izb*mtt\'\ 

[00 13]|gC. Ni : 0. i;^S2. 0«*%, C 
u : 0 . 1 J^Sl . 0«»%. M o : 0 . 1 7!jS2 . 0 
V : 0. 0 5J!;M1. 0®fi%ai>'Nb : 0. 
0 171)^1 . 0«4%*><i>^I.P*>4>ajRStT./^i!'-^r< 
b 1 1 «07c3^S:-t'W t T t J: V \ 

[ 0 0 1 4 ] tineit'fbii^sm^fr^ttj'foA 1 2 

O 3 7 0 JbS 8 5 ««% , M g OJ^ 

-frmicD^^itin 5T&3 o%M%. s i 02 ^/rtt 
[0015] ifwmmmmmMmm^< . m 

msiZii. 0*<A 1. Si, Ca. MgXtiMn^fcig 

mxmxmmifzm:k.ii^(Dmx^mi3iisttihfci^. » 
*e^rffl)S<^s^b!|?jiS:rt-ffi!i5!i (MitfA 1 2 03 , Mg 

o , s i o 2 xtic a o ) comRx/mmimi^x'j'''^j: 
<. :kmcr>mm?kiY^mizii^tm-^txm.t 

tim^'ft^mb^j:'^X^^hZb^:^M.Uz, 

[ 0 0 1 6 ] -e tT, :^mmmi. mma'piz^ 

m*<=^mm.immmzmi:tmitz-^^^xmmn 
mmm.'^mxrimmmtt zbiz 

X 0 , ^spmat>i?«tt^iio±§-tti. z b tiK'^^z 
b^^mtti. mmzii. s i 02 m^m^^m 

*n o'SM.%i:ntx\<^iA 1 2 03 ^±mii^bi-im 

[0017] StC, A 1 2 O3 mtE 

^<^^^M.i6 0Jb^9 0nM.%bL. MgOTkirmi 
0#*«lr 1 07^M3 0'»m%b I. S i O2 ?kitmi 
Oir*»$r 1 OK»%OTi: CaOmmi<Ot^ 

*s- 1 o®a%jjiTt ts^ fcfci 0 . wm&xm 

atCfcV^-Cf-fflffiaSr 3 0 0 0 0 mm2 i: L/iJi^tlJt 
m^timms^^lfi-^mc^WcmrA REAmax$-3 

5- |S]±§ -li- 1. ^ t ^ S fc ?:l.itj L/i . 
[00 18] 

t^tLiit^mi^m/-ir<^mm^*iz-^^^xmm-t 
I. 

[00 191 C:0. 6TMI. 2®«%. 

ixmmnttm^i-ifzib^Z'MmTmxh 
h. c#^r**^'o. e'^m.xmx'htb. m}jm^ 
m'^txmimsE.i:mmhzbmw\ -n. 
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[0 0 201 Si : 0. in^2. 0«*%. 

b. i^mmmi/mmmtfii&T-t^. m^x. si 
^tmio. ij^M2. oMmxttt. 

[00 2 1 ] Mn : 0. 1;!jM2. 0«M%. 
Mnti«EAnttS:(nl±§-*i:T3SJSS:ii:^$-fr2.7c3g-CS> 

oT, Mn-t^ltiO. 17^iS2. 0M%t-t'&. 
[00 223 Cr : 0. 8:nj^l4. 0«4%. 

'y^^xm^j:mtmmis.tmmm^^\^±^'^i . c 

f»*>*l^rv\ Cr*iirJ|**14. 0«S%^je;t 

ftiio. 87^^14. onm%b-t6, 

[00 2 3]:5rfc. 0. 8;n;^14. onAXcO^M^ 

^Lx. wsgPB^ntfcv^TH, ^(^mmzi-^xw 
^^ixm^mtizi<m^j:h. mm. mnm'&x 

0. 87^M2. Off*%T+^TS)l.. Cr 

^\,zm^-<m^M-k'&.iim^^ixi>wm. mtiiinD^m 
<^^m^<r)iio^mm\.z^-k\zm^ti. mm<r) 

^tiisjm^mmm'ii. cr-^^rMi±io. o;^ 

^14. 0nM.%ThhZbimtL^\ Ztll^CD'Pm 

coc r^^ico^mx'ii. m^^shcowmzmtx C r 
b\ m^^xhh±mttzi^, m^^tim±^b^ 

(00241 A 1 :0. 04 0«*%OT. 

A 1 ii.mxm^xmmiZ'm^^mmTh'o . otr^ 

mim%^li'hfzMz^<r)mui)^'£^Xhl. Alis^M. 
ipO. 04MM%^&x.hb . Al 2 O3 cO-&-*l;*^e 
\'mt^m^mm&lZ%^i-l. m-yX. Al^^ 

mto. 0 4 0Kft%OTt'fs. 

[00251 Ti :0. 001 5«S%JaTtC«|lJ. 



T i iimn(r>^^^miftE.^xh6T i N ^±fs.txtm 

LV^. T i -t^itfiO .001 5«fi%WT-C 

i^OiSTA^'^l^fc ^ I. , 1« ^ T i -t^Mii 0 . 0 
0 15®4%iaTfc1-S, 
[00261 0:0. 001 2WM.%VXVizMf^\ . 

omm^ifmii±^ Lxmmif=Bmki & 

«*io. 00 1 2Mm.%mTXhixi,i. ff^^tih 
mmtibnmmr/'^mitmrm^b 

^1.. fi^oT, 0-^*»iO. 0 0 1 2MM%m'bt 
[ 0 0 2 7 1 tf^. WTcOfife^^^. ^tJgfc^BtT. 
[00 281 N i : 0. i:f^^2. 0«JI%. 

=5rv\ Ni^«*i2. OM%^ti;i?.i:. « 

m-^Ti-^ h<^m^mn^-itxm:ushizmm<7) 

X. Ni#*»iO. i:j^m2. 0«»%-CJ!>I.C:t*^' 

[00291 Cu:0. 0©fi%. 
CutiMAeai/B:ftttSr|6l±$-ti:.S.7C^-CJ)l.. Cu 

T,Cu^i&»{i0. IBSI. onm%xhizbi3< 
[00 3 01 Mo : 0. 171;M2. 0«*%. 
S:[Sl±§itl.7C«T*l.. Mo-g-*«*50. 1««%* 
fl-«*»'2. 0««%5ri@x..?.J:, Mg CM-fCft^^itc 
tt^^^^kS-li-S. fifoT, Mo-S-W«{±0. i;!»M2. 

o«»%-cj)i.c:t*^'atLv\ 

[ 0 0 3 11 y : 0 . 0 5jbm 1 . o®ft% . 

^tm^ 0.05 ®4%*)i-c?) s t . c ii (^mm^ 

b. vcmmm±itixmmx/mm^^^it 
^"^h.^-ox, v-ttmm. 05;n;si. o®*% 

xhhzbimtUK 

[0032lNb:0. Om^l. OMB.%, 
N b ttfiSW^N b C^^b!|*l^^ ixi^ML^mitt 
I, Nb**fi3!)<0. 0 1«fi%*}S-e*l.i:. 
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lit. Nhcmmtf^m:kitixtmm.v='^mmt 
i'm^^^, m-ox. Nb^wfitto. oi:j^2i. 

[0033] ^^mizt5\,^xii. m.mmimi>zi5 

^^Xf-mmt: 30000mm2i: lti%^izm^^tl 
h mim^-S^mi<r)m±'&f AREAmax*i30;um 

[ 0 0 3 4 ] >5:ii. ffill^ffit ffimcO^>t*^^> 

w^u>izm^^(^iix\.-^h. 

[ 0 0 3 5 ] o^«&t^T i ■t**t^^^iS:rt- 

mi<r)mxf±%^tcr,mmz-^\^xmiMi. Tit 

OV^rti. T i t^h^^^ixhifUmtT i NlCtJTO 

S , 0 . T i ^W4t T i I^^^JS:fr4«!lc^aai^ 

±^^tcr)Uz^i. hhWS.(r)immm^Wy(:>fi. t 

i #**w^«f 11*^4) T i ikn^-s^mi<msL(/±^ 

Xi,i. A K S i , Ca, Msm/Mn^b^-^LX^ 

w^m^mifmimti-^(=^^^ixh . mz. mm 
mmit<ziixy^<r>m'^?^'rrmmmiMxm^L 

iifO .001 2KJI%mTt«*l$^iTV^|,?f?fgc7) 

Jig. ISatX:^!' S t co^fctJ fc ^ t'fflMra^{i»ffi L^r 
v\ dO^ltti. r;f^^^:(i;7'n-fex, 4 ( 1 99 1 ) . 
1 1 78j Rt/ r^^f4fcrn-b;?,, 4(1991), 3 

2 1 J {,zum^tix^^h. ^-ox. wsfflai+cT)^^^ 

[0036] -eCT. :^mXli. Mffii^tffi^fflV^fc 
WckirW^^^A R E A m a xiORS^S: LT V ^ S (JDTib 

AREAmaxcOit^T"ti. LT 1 

fflO;^^*^ 1 0 c mCOJE1jmcO^\HX&±(Dmm?k 

2 0»T1ISL, i^SffiS^ 3 0 
0 0 0 mm 2 t L^c t $ S:ft«-r 

5. 

[ 0 0 3 7 ] *l6Bj!l2iJ<,^T{i, fifl*^' 1 5 ju m 

mzt&tff)x»>'Os mmt^^ifxmixd bt 



mzn^ti<± ti. zcoxo ^j:^mx'MfMzim tm 
mhibi^^izimmmL. ^xw.mizsi> c 

cDX 0 ^j:mmim^\,znLxm.'{m^-ftmi^iitmi 

mmzmm^imt, vt-^x. mmf<zm±ti:i^mi 
m<. ^<nmm^j^^j:\^zbmtL^\ 

[00 38] ttz. S iOj . MgOXtiCaOcO-i-* 

^^zi^mLtz'kmiX'\,tts:^\ ^ti(^cr>it-&.mmm(r) 
^m^zwxfz^^. itmitim^\,zmmji.ixi^Lx^ 

mmiifm'¥iz:^-tim. mmm^. mm 
mmmmmtiziz^tj:^m^ii. ^zx. ^ 
iY^mm^'^itzMz, ^ymmmm:^^ 

^ifmizx '^xwm^iTi,fxm'p<r>iY^mi:m 

tlZbiiX^li^. ^^^zm^X^lMfxm<. 

mk<^i}mizj;:>jnktitzmxit. mitt^+^f&^^b 
m'^mmzm^.-thzbizi.*) . m^jr^mmmf 

[ 0 0 3 9 ] A 1 2 p3 ^■fymicr)'At<r)n\-^ : 6 01b 

^9 0%. 

'ifWii<rk'Amzmhk 1 2 03 ^:f^ft!i%oM«oslJ 

^ii'^9 0%i:mthb. i^irmitim&^ti^t<^j: 
I. -If. A 1 2 O3 ^:fr«tt(0ir*c0SiJ^3!)S6 0%* 

O 2 i^:rt-tt%St^C a 0m^!t^^^c7)SiJ^*iig< ^ 0 , 

nmizMtiA 1 2 o 3 mmscon&com^iie on 

M9 o%bi-i. mz. A 1 2 OjmmKD^mm 

-^iil 0T}m85%X$)hZbi}mtL\>\ 
[ 0 0 4 0 1 M g OJ^-ft^CTi^iCOm^ : 1 0 Jb^3 

p%. 

3 0%2r^i;c-g. i><7)liBiActj<o^§a.;^t J: O^L-Jt 

^\,zm-i M g oiM^wii<^ia^m^it 1 o;bS3 0 

mz. UsomW!i<r)9.i.<rim'^<>i\5-P} 

^3 0%XhhZbi}mtL\^. 

[ 0 0 4 1 ] s i 02 fkitwii<^nmm-^ : 1 o%ia 
J. 

ifWum'Rmizmh s i 02 Jkifmi<r)'SiSLm^ 
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iznti s i 02 ^itmi<DW&(owi^ii 1 o%aTb 
ti. mz. si02m^m(^MA(7)Wi^it2. 5% 

[ 0 0 4 2 ] C a OT^iYmiCOnAc^Wl^ : 1 0%tJlT. 

lox^miiijcoii. wtik'^cDmrThMzx^^fSLi 

ftth C a 0^^«!f^J^a»(^W'&« 1 0 %OT t "f 

h.mz.csiO mmicoMA<7)Wi^ii o . 5 %tiiT 

[ 0 0 4 3 ] ck ^ =5rK«^yrt£!(»^ffl^t±. 0iJx 
[0044] 



^comt^mtihitmitmtxMmi^zmmt 

ho 

[ 0 0 4 5 ] 5tr . ^ 1 m2^z^.tm&<^mmmm 

5. 5mma)mtij^mLfz. MtC. 790JbS900 

1 ^mmt. 6 0 0-csT 1 5*c/B#OT<^aiS 

[0046] 
[^1] 



No. 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



1,00 



1.02 



0.98 



1.03 
0.78 
090 
0.69 
0.90 
105 
077 
1.02 
0.99 
1.12 
0.84 
0.80 
0.76 
0.98 
0.80 
0.87 
1.02 



S I 



0^4 



0.40 



033 



1.00 
0.24 
012 
013 
060 
0.26 
0.30 
1.05 
0.33 
0.40 
1.80 
O&O 
0.24 
0.36 
0.60 
0.a3 
0.28 



Mn 



0.46 



0.46 



0.33 



0.98 
0.60 
0.80 
0.25 
0.66 
0.45 
O30 
038 
0.28 
0.66 
O30 
0.48 
0.29 
0.32 
0.30 
046_ 
0.30 



0.013 



0.022 



0.017 



0012 
0.009 
0010 
0.025 
0.015 
0.019 
0.020 
0.021 
0.030 
0.021 
0.016 
0.012 
0.007 
0.019 
0.020 
0.021 
0.016 



0.004 



0.002 



0.003 



0.002 
0.006 
0.006 
0.002 
0.003 
0.003 
0.004 
0.002 
0.003 
0.002 
0.002 
0.004 
0.002 
0.006 
0.002 
0.003 
0.002 



C r 



1.44 



1.00 



1.33 



1.05 

5.30 " 

7^3£_ 

8.60 

9.12 

10,33 

12.70 

13.70 

0.90 

1.40 

3.96 

4.20 

6.G6 

8.26 

10.23 

12.66 

13.70 



A 1 



0.022 



0.015 



0.020 



0.018 
0.017 
0.022 
0.024 
0.020 
O016 
0.018 
0.024 
0.027 
0.019 
0.026 
0.022 
0.026 
0.020 
0.024 
0.023 
0.020 



Ti 



0.0008 



0.0012 



0.0011 



0.0010 
0.0010 
0.0012 
0.0009 
0.0009 
0.0008 
0.0012 
O.OOU 
0.0010 
0.0009 
0.0012 
0.0011 
O.OOlO 
O.O0O9 
0.0012 
0.0014 
0.0011 



0.0005 



0.0004 



0.0008 



0.0006 
0.0007 
0.0010 
0.0009 
0.0010 
O.OOU 
0.0006 
0.0008 
0.0007 
0.0006 
0.0006 
0.0006 
0.0008 
0.0007 
0.0008 
0.0010 
0.0011 



N I 



0.30 
1.80 



Cu 



016 



0.88 
0.36 



Mo 



016 



1.90 



1.02 



0.60 



0.13 
0.87 



Nb 



0.60 



0.06 



[0047] 



[«2] 
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No, 






c 


S I 


Mn 


P 


S 


Cr 


Al 


T i 


O 


N 1 


Cu 


Mo 


V 


Nb 




21 


0.88 


0.21 


0.37 


0.015 


0.002 


1.44 


0.018 


0.0026 


0.0012 


- 




— 








22 


1.02 


0.26 


0.36 


0.013 


0.002 


1.38 


0,015 


0.0015 


0.0009 














23 


1.01 


0.24 


0.35 


0.015 


0.006 


1.41 


0.012 


0.0012 


0.0010 














24 


0.99 


0.22 


0.25 


0.020 


0.004 


1.35 


0.020 


0.0018 


0.0012 














26 


1.02 


0.22 


0.30 


0.018 


0.004 


1,44 


0.022 


0.0020 


0.0011 


— 


— 










26 


0.82 


0.25 


0.41 


0.011 


0.005 


4.02 


0.018 


0.0015 


0.0009 


— 


— 


— 


- 


— 




27 


1.00 


0.24 


0.52 


0.012 


0.005 


6.80 


0.029 


0.002Y 


0.0013 


— 


— 


- 


— 


— 




28 


0.65 


1.20 


0.37 


0.017 


0.006 


8.09 


0.024 


0.0026 


0.0015 


— 


— 


— 


- 


— 


It 


29 


0.92 


0.35 


0.40 


0.022 


0.004 


10.44 


0.026 


0.0024 


0.0012 


— 


— 


— 


— 


- 


SO 


0.65 


0.50 


0.38 


0.016 


0.002 


18.50 


0.022 


0.0010 


0.0010 


— 


— 


— 




- 


M 


31 


1.26 


0.42 


0.33 


0.018 


0.002 


1.46 


0.020 


0.0016 


0.0003 














32 


1.06 


2.10 


0.34 


0.011 


0.002 


1.10 


0.021 


0.0012 


0.0009 














33 


0.89 


0.26 


2.30 


0.020 


0.003 


1.24 


0.018 


0.0014 


0.0010 














34 


0.84 


0.24 


0.40 


0.017 


0.004 


0.72 


0.023 


0.0013 


0.0010 














36 


1.03 


0.33 


0.38 


0.013 


0.002 


14.60 


0.026 


0.0014 


0.0011 














36 


0.95 


0.31 


0.29 


0.014 


0.004 


4.03 


0.047 


0.0012 


0.0011 














87 


0^ 


0.26 


0.28 


0,016 


0.005 


1.30 


0.022 


0.0013 


0.0012 














38 


1.01 


0.20 


0.24 


0.012 


0.004 


1.36 


0.019 


0.0012 


0.0009 














39 


0.77 


0.30 


0.33 


0.018 


0.004 


1.38 


0.018 


0.0011 


0.0010 














40 


0.89 


0.32 


0.39 


0.01V 


0.003 


1.42 


0.022 


0.0014 


0.0011 
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no. 


f6L<tm^it^m<Dm. max) 
















y'AIffiAniax(;AnO 




1 


78.71 


20.85 


0.24 


0.20 


100.00 


12.0 




2 


80.81 


19.10 


0.00 


0.09 


100.00 


14.6 




8 


78.40 


21.26 


0.16 


0.18 


100.00 


16,2 




4 




24.64 


0.27 


0.02 


100.00 


18.5 




6 


83.76 


16.67 


0.62 


0.05 


100.00 


21.2 




6 


76.59 


22.42 


0.36 


0.63 


100.00 


23.0 




i 


79.66 


16.89 


0.02 


4.53 


100.00 


18.7 




8 


79.62 


1G.48 


3.76 


0.14 


100.00 


23.6 




9 


73.26 


26.64 


0.04 


0.06 


100.00 


26.4 




10 


79.66 


17.92 


0.00 


2.52 


100.00 


22.6 




11 


76.33 


15.92 


0.22 


7.53 


100.00 


24.6 


12 


78.33 


21.67 


0.00 


0.00 


100.00 


18.6 




IS 


76.77 


22.99 


0.00 


0.24 


100.00 


18.8 




14 


72.08 


27,81 


0.10 


0.01 


100.00 


22.4 




16 


80.62 


18.64 


0.06 


0.G8 


100.00 


26.4 




16 


75.21 


24.12 


0.00 


0.67 


100.00 


20,8 




17 


87.28 


12.60 


0.08 


0.04 


100.00 


26.4 




18 


79.77 


19.86 


0.20 


0.18 


100.00 


21.7 




19 


66.56 


27.64 


2.16 


3.64 


100.00 


23.6 




20 


88.12 


11.06 


0.26 


0.56 


100.00 


28.4 



[0052] 



C«4] 





No. 










MgO* 








iT AREAmax (/xnO 




21 


66.97 


13.46 


4.30 


15.28 


100.00 


33.2 




22 


66.24 


8.64 


14.77 


10.35 


100.00 


31.8 




28 


70.39 


5.06 


4.14 


20.41 


100.00 


33.0 




24 


39.67 


0.44 


21.36 


38.64 


100.00 


38.4 




25 


92.33 


7.33 


0.05 


0.24 


100.00 


27.6 




26 


85.60 


7.72 


5.30 


1.38 


100.00 


28.5 




27 


87,62 


0.04 


1.50 


10.84 


100.00 


36.0 




28 


67.46 


12.65 


5.05 


14.94 


100.00 


38.0 


it 

m 


29 


67.11 


0.18 


7.49 


25.22 


100.00 


40.0 


30 


76.90 


13.30 


6.30 


4.60 


100.00 


46.0 


31 


78.36 


21.33 


0.13 


0.19 


100.00 


31.0 




32 


82.46 


16.64 


0.63 


0.88 


100.00 


28.7 




33 


76.34 


22.36 


0.64 


0.76 


100.00 


29.4 




34 


74.93 


19.46 


3.48 


2.13 


100.00 


31.0 




35 


86.40 


12.33 


1.07 


1.20 


100.00 


35.6 




36 


74.62 


17.28 


442 


3.68 


100,00 


37.5 




37 


56.48 


43.32 


0.12 


0.08 


100.00 


28,4 




38 


67.45 


28.78 


9.42 


4.35 


100.00 


33.0 




39 


76.11 


12.36 


0.08 


U.46 


100.00 


32.4 




40 


72.15 


16.48 


12.90 


0.17 


100.00 


29.6 
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[00 54] 



[00 55] 





No. 










mm, ix) 




1 


830 


•76 


180 




2 


830 


•76 


180 




3 


850 


•76 


180 




4 


850 


-76 


180 




5 


960 


•76 


180 




6 


1000 


•76 


180 




7 


1000 


•76 


180 




8 


1000 


-76 


180 




9 


1050 


-76 


200 


% 


10 


1050 


-70 


200 




11 


1050 


•7C 


200 


12 


950 


•76 


180 




13 


950 


■76 


180 




14 


950 


•7C 


180 




16 


1060 


■76 


200 




16 


950 


■76 


180 




17 


1000 


•76 


180 




18 


1050 


-76 


200 




19 


1060 


-76 


200 




20 


1060 


■76 


200 






No. 














21 


830 


•7G 


180 




22 


830 


■76 


180 




23 


850 


•7G 


180 




24 


850 


•76 


180 




26 


860 


•7C 


180 




26 


950 


-76 


180 




27 


960 


•70 


180 




28 


1000 


•76 


180 


It 


29 


1050 


-70 


200 


30 


1060 


•76 


200 




31 


830 


•76 


180 


32 


830 


•76 


180 




33 


850 


•76 


180 




34 


860 


•76 


180 




35 


1050 


•76 


200 




36 


960 


•76 


180 




37 


860 


•76 


180 




38 


850 


-76 


180 




39 


850 


•76 


180 




40 


850 


-76 


180 



too 561 
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INO. 








(IIRC) 








1 


62.4 


45 


50 




2 


62.1 


64 


64 




3 


61^ 


48 


52 




4 


62.4 


52 


66 




5 


60.6 


66 


68 




6 


60.4 


72 


75 




7 


61.0 


70 


65 




8 


61.2 


60 


70 




9 


60.7 


61 


65 




10 


61.6 


78 


74 




11 


62.0 


82 


80 




12 


62.4 


58 


62 




18 


62.3 


56 


60 




14 


63.4 


64 


65 




15 


62.0 


74 


6^ 




16 


60.7 


65 


74 




17 


60.4 


69 


70 




18 


61.4 


70 


78 




19 


61.2 


80 


80 




20 


62.0 


69 


74 



[0057] 





No. 


<HRC) 








it 
m 


21 


62.5 


100 


100 


22 


61.8 


110 


112 


28 


62.4 


116 


116 


24 


61.6 


118 


120 


25 


62.0 


106 


107 


26 


61.6 


108 


110 


27 


62.0 


103 


109 


28 


60.6 


110 


114 


29 


61.8 


115 


116 


30 


60.8 


121 


124 


31 


60.2 


115 


124 


32 


62.1 


110 


116 


33 


61.7 


103 


116 


34 


62.0 


108 


117 


35 


61.5 


109 


121 


36 


62J2 


111 


120 


37 


61.8 


104 


116 


38 


61.2 


105 


113 


39 


62.0 


113 


114 


40 


61.4 


116 


119 
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